Sixteen spe¢ies of fungi were isolated from a park-land soll. V¢hen inoculated hack into a steri]ized sample of this soil three sporostatic factors, acetaldehyde, n-propanol and nonanoic acid were found to ac¢umulate and the soll became inhibitory to the germinafion of test spores. The level of inhibition recorded could be explained wholly in terms of the prevailing levels of the identified sporostatic factors.
Introduction
An inhibitor of fungal spore germination has been widely reported in soll, and has been attributed variously to lack of nutrients and to the presence of germination inhibitors. L i n g a p p a and L o c k w o o d 7 are amongst those who prefer the nutrient deficiency hypothesis and L o c k w o o d 9 has pointed out t h a t the interpretation of indirect methods of assay for mycostasis in soll is frequent]y complicated since the test spores are removed from contact with the soil, and the use of carrier media together with nutrients leached from the test spores can stimulate the local activity of antibiotic producers (The term antibiotic is used here as defined by W a k s m a n ~1). Thus these illdirect methods do not discriminate between the pre-existence of an inhibitor in soll and its production during the assay period. Whilst these criticisms are valid, m a n y authors have demonstrated inhibitory activity in extracts of soil 1 2 3 5 s 10 17 10 22. Moreover, it can be shown t h a t soll contains sufficient nutrients to support the germination of a wide range of fungal spores 2 6 7 13. I t seems likely, therefore, t h a t m a j o r importance should be ascribed to antibiotic substances as causal agents in the inhibition of fungal spore germination in soil.
P a r k 12 has reviewed evidence t h a t the inhibitor in soff is of microbial origin. U n f o r t u n a t e l y this evidence is circumstantial and the present work outlines an a t t e m p t to obtain direct evidence for the production of sporostatic factors 15 in soil. Previous work has emphasized the similarity between the inhibition of spore germination in solls and sporostasis in laboratory cultures of fungi 4 14 16, SO it seemed logical to look in soil for those factors contributing to sporostasis in laboratory cultures. Fungi »vere isolated from the soil by Warcup plates 2o and soil-dilution (1:5000 w/v) platings using rose-bengal agar. is The fungi were subsequently identified in pure culture on either Oxoid Czapek Dox agar or Oxoid potato dextrose agar.
Materials and methods
The soll samples were sterilized by autoclaving for 20 min at 15 psi. One of the soil samples was placed over a glass sinter and leached by passing 28 1 of sterile distiIled water through it for a period of 8 h. After leaching, the sample was allowed to air dry to 1 kg at room temperature, and the crumb structure of the remaining two soil samples was adj usted to m a t c h t h a t of the leached soil as closely as possible.
The fungi which had been isolated from the soil were then inoculated back into the leaehed and one of the unleached samples. To facilitate this, the fungi were grown on washed and autoclaved 'Cellophane' placed over Czapek Dox agar, then single colonies (5 cm diameter) of each of the isolates »vere peeled oft the 'Cellophane' film and mixed into the soil sample. Ttle two inoculated soils, together with the sterile control sample were incubated at 204-2°C for 3 weeks. After this period the level of inhibition of spore germination in each of the soil samples was estimated by placing on their surface strips of washed and autoclaved 'Cellophane' lightly dusted w i t h the conidia of Cunninghamella elegans Lendner.
At the same time S00 g of each soil sample was analysed for the presence of various sporostatic factors known to occur in laboratory cultures of fungi 4 14 The soil was first shaken with 250 ml of distilled watet, filtered using W h a tm a n no. 3 filter paper, and then centrifuged at 3,000 g for 10 min. The supern a t a n t was examined directly by gas-liquid chromatography as described previously 14. The combined residue from filtration and centrifugation was extracted live times with 1 1 of petroleum ether (40°/60 °) which was subsequently reduced to dryness, methylated, and analysed by gas-liquid chromatography as described elsewtlere a
Results and discussion
The following fungi were isolated from the soil : Rhizopus arrhizus W h e n these were inoculated into sterilized soil samples, acetaldehyde, n-propanol and nonanoic acid were deteeted after 21 days incubation, and the germination of test spores of C. elegans was significantly retarded in these soils compared with ttlat recorded in the sterile control sample (see Table 1 ). 
Thus, t h e i n h i b i t i o n in these soils is associated w i t h fungal m e t a b o l i t e s which h a v e been shown to be i n h i b i t o r y to spore g e r m i n a t i o n w h e n assayed indiv i d u a l l y a n d to c o n t r i b u t e to sporostasis in pure cultures of fungi 4 14.
Moreover, w h e n acetaldehyde, n -p r o p a n o l a n d n o n a n o i c acid were added to t h e sterile s a m p l e ag t h e levels recorded in t h e inoculated soils, t h e level of i n h i b i t i o n of spore g e r m i n a t i o n w h i c h resulted was n o t significantly different from t h a t in each of t h e inoculated soils (see T a b l e 2). This suggests t h a t acetaldehyde, n -p r o p a n o l a n d nonanoic acid could, u n d e r some conditions, f u n c t i o n as sporostatic factors in soff. Possibie mechanisms for t h e p r o d u c t i o n o f n o n a n o i c acid in soil h a v e been cited in an earlier p u b l i c a t i o n 4 a n d a c e t a l d e h y d e h a s previously been reported in s0il 16 L i n g a p p a a n d L o c k w o 0 d 7 h a v e argued t h a t sporostatic factors are formed in soff in response to n u t r i e n t s leached from fungal spores or otherwise a d d e d to t h e soiI. T h e presen£ work indicates t h a t n u t r i e n t s l i b e r a t e d d u r i n g t h e sterilization of soil IIeed n o t s u b s e q u e n t l y result in a n increased p r o d u c t i o n of sporostatic factors. F u r t h e r m o r e , even t h e low level of n u t r i e n t s prevailing in a leached soil is a d e q u a t e to p e r m i t t h e p r o d u c t i o n of sporostatic factors, E a c h of t h e factors identified here h a s also been found to be i n h i b i t o r y to h y p h a l g r o w t h of t h e fungi listed above, a l t h o u g h t h e c o n c e n t r a t i o n s required for significant effects were offen relatively high. However, a solutioii of t h e three factors a t t h e c o n c e n t r a t i o n s assayed in t h e u n l e a c h e d inoeulated soil (see Table 1 ) caused a significant decrease in t h e h y p h a l g r o w t h r a t e of all of t h e species described. Thus, these sporostatic factors could coiitribute to t h e more general p h e n o m e n o n of mycostasis in this soil. I t is n o t suggested t h a t these Iactors alone will explain mycostasis, or even sporostasis in soil. Previous work h a s e m p h a s i z e d t h e i m p o r t a n c e of a v a c u o l a t i o n factor in sporostasis in l a b o r a t o r y cultures 1« a n d since a v a c u o l a t i o n Iactor is widely d i s t r i b u t e d in soils la it seems likely t h a t it could c o n t r i b u t e to sporostasis there. O t h e r factors, as y e t u n k n o w n , m a y also p r o v e to be i m p o r t a n t , t t o werer, in view of t h e widespread a n d general occurrence of simple fungal m e t abolites such as acetaldehyde, it seems reasoiiable t h a t consideration should be given to such c o m p o u n d s as causal agents in soil mycostasis.
